A method for the preparation of protoplasts of Bacillus megaterium is described. The protoplasts obtained were very active metabolically and lysates of them were rich in polyribosomes. Methods for the detection of polyribosomes and of nascent peptides are detailed.
E. CUNDLIFFE
Preparation of protoplasts. Organisms in the exponential phase of growth, at suspension densities of about 200 pg. dry weightlml., were harvested by centrifugation (3 min. at 3000 g) and resuspended at 10 mg./ml. in the basal medium containing peptone and lysozyme (200 pg./ml.). At 37" the bacilli were quantitatively converted to protoplasts within 2-3 min. It was important that the organisms should be in the logarithmic phase of growth at the time of harvesting, and that harvesting and resuspension were carried out rapidly, otherwise conversion to protoplasts was poor. However, there was no absolute dependence on growth rate. Organisms grown in the absence of peptone (doubling time about 70 min.) were converted equally rapidly, provided they were harvested in the exponential phase of growth. The presence of peptone was not essential during the formation of protoplasts.
Incubation of protoplasts. Immediately after preparation, protoplast suspensions were diluted 50-fold with medium plus peptone (to 2oopg.lml.) and were incubated with shaking at 37". Important variables here were the size and shape of the vessel used and the volume of suspension in it. Usually 10-15 ml. of protoplast suspension was incubated in a IOO ml. conical flask. During this incubation, the E600 of the suspension initially decreased by about 10 % (presumably due to osmotic imbalance across the membrane) and then began to increase exponentially. The time taken for the extinction to double was usually 25-30 min., slightly less than that for whole cells in the logarithmic phase of growth in the same medium. It was also observed that the distribution of polyribosomes in sucrose density gradients changed markedly during this incubation (see later). In no case did the apparent number of protoplasts increase even when the doubled; rather the protoplasts increased in size. Lysis of protoplasts. Samples of protoplasts (usually 0.5 ml.) were pipetted as rapidly as possible, using pre-warmed pipettes, into thin-walled glass vials standing in a metal block in ice. Each vial contained the neutral detergent, Triton XIOO and deoxyribonuclease so that after addition of the sample the final concentrations were O*I % (vlv) and 5 pg./ml. respectively. In some experiments ribonuclease was also present in the vial (final concentration 5,ug./ml.). After I min. in ice, the resultant lysates were fractionated at temperatures not exceeding 4".
Sucrose density gradient analysis. Linear sucrose density gradients having a total volume of 4.6 ml. were prepared at 3" and were allowed to stand at that temperature for 5-18 hr before use. Each gradient ranged from 15 to 40 % (w/v) sucrose in a buffer containing tris, 0.01 M; magnesium acetate, 0.01 M; KC1, 0.1 M; pH 7.5 at IOO adjusted with HC1, 0.2 ml. of protoplast lysate was layered on each gradient.
Centrifugation was carried out at 2" for 40 min. by using the Spinco SW 39 rotor at 38,000 rev./min. The centrifuge was evacuated for 5 min. before each run. After spinning, the bottom of each tube was pierced with a needle, and successive fractions of 8 drops (about 0.13 ml. total) were collected into tubes containing I ml. cold 8 % (w/v) trichloroacetic acid.
The trichloroacetic acid-precipitates were collected on Oxoid membrane filters, rinsed once with 2 ml. 5 % (w/v) trichloroacetic acid and twice with 2 ml. I % (vlv) acetic acid, dried at 80" for 30 min. and then counted in a liquid-scintillation counter (Nuclear Chicago Corporation). A toluene-based scintillation fluid containing 4 g. of z,5-bis-(5'-t-butylbenzoxazolyl-2')-thiophene (BBOT)/l. was used. Routinely 39 ,+ I gradient fractions were collected. The distribution of 32P from steady-state labelled systems was found to be an accurate indicator of the polyribosome profile and was far Active protoplasts 427 more sensitive than the alternative method of estimating extinction at 260 mp. Sedimentation coefficients of materials running in the gradients were not directly measured. The term 70s has been used to describe material sedimenting in the same region as the major peak in ribonuclease-treated lysates. 
RESULTS
A suspension of protoplasts was sampled immediately after preparation and later after incubation at 37" for 20 min. by which time the Esoo was increasing exponentially.
Gradient analysis revealed that, typically, about 50 % of the total ribosomal material was present as 70 S monomers initially but that during the incubation there was a decrease in the amount of 70 S material and a corresponding increase in heavier material (polyribosomes). Finally about 85-90 % of the ribosomes were reproducibly recovered as polyribosomes (Fig. I) Fig. 2b . Rate of breakdown of polyribosomes in the presence of actinomycin D. Data from duplicate experiments identical to that described in Fig. 2 a. Percentages of polyribosomes remaining were computed as described in the text. Active pro toplasts 429 the polyribosomes giving a massive peak of monomeric ribosomes (Fig. I) . The extreme sensitivity of the polyribosomes to ribonuclease is in accordance with current ideas concerning the structure of polyribosomes. Also it is obvious from Fig. I that some of these structures were very heavy and by assuming that IOO % of the ribosomes present in the 70 S peak after ribonuclease treatment, it was calculated that at least 85 % of the ribosomes had been present as polyribosomes. This is a greater proportion than is usually found in bacterial lysates (see however Flessel, Ralph & Rich, 1967) .
Eflect of actinomycin D on polyribosomes. Protoplasts were sampled and then actinomycin D (10 ,ug./ml.) was added to the remainder, incubation was continued and samples were taken at various times. Actinomycin caused a breakdown of polyribosomes with accumulation of ribosomes (Fig. 2 a) . The percentage of ribosomes present as polyribosomes was calculated for each time point as described above and the numbers obtained were expressed relative to the initial value. Figure 2 (b) shows that the decay of polyribosomes exhibited approximately exponential characteristics with a half-life of about 6.5 min. Nascent protein and polyribosomes. Protoplasts were incubated with C3H]phenylalanine (10 ,uc/ml.) for 60 sec. and a sample was taken for lysis and gradient analysis. Figure 3 shows that [3H]-labelled-material was recovered in the polyribosome region and at the top of the gradient in the 'soluble' region. The specific activity [3H]/[32P] was greatest in the region where the large polyribosomes sedimented, with a minimum at 70 S. This result is in agreement with the idea that nascent peptides are formed on polyribosomes and not on free 70 S ribosome-monomers.
DISCUSSION
A method was developed for the rapid and quantitative conversion of BaciZZus megaterium to protoplasts. After incubation the protoplasts could be obtained in an active metabolic state and lysates of such protoplasts were rich in polyribosomes. Nascent protein was found to be associated with polyribosomes rather than with free 70 S monomers in keeping with current ideas concerning the mechanism of protein synthesis. Various methods have been developed whereby bacteria may be rendered sensitive to lysis by detergents or by osmotic shock (e.g. Schaechter, Previc & Gillespie, 1965 ; Flessel et al. 1967; Mangiarotti & Schlessinger, 1967) . However, some of these methods involve the use of lysozyme, which does not convert drug-inhibited organisms to protoplasts and gentle lysis of such organisms is not usually possible.
Therefore it is considered that protoplasts offer an advantageous system for the study of protein synthesis in vivo since they can be lysed promptly and gently to yield undegraded polyribosomes still bearing nascent peptides. Studies of this kind involving antibiotics and protoplasts have been reported elsewhere (Cundliffe, 1967a, b ; Cundliffe & McQuillen, 1967a, b) .
The work described in this paper has been presented in abstract form and as part of a dissertation (Cundliffe, 1967d) .
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